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This tutorial surveys design methods for energy-efficient system-level design. We consider 
electronic sytems consisting of a hardware platform and software layers. We consider the 
three major constituents of hardware that consume energy, namely computation, 
communication, and storage units, and we review methods of reducing their energy 
consumption. We also study models for analyzing the energy cost of software, and methods 
for energy-efficient software design and compilation. This survery ... 

Power: Conserving disk energy in network servers 
Enrique V. Carrera, Eduardo Pinheiro, Ricardo Bianchini 
June 2003 Proceedings of the 17th annual international conference on 
Supercomputing 
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In this paper we study four approaches to conserving disk energy in high-performance 
network servers. The first approach is to leverage the extensive work on laptop disks and 
power disks down during periods of idleness. The second approach is to replace high- 
performance disks with a set of lower power disks that can achieve the same performance 
and reliability. The third approach is to combine high-performance and laptop disks, such 
that only one of these two sets of disks is powered on at a tim ... 
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Flash-memory technology is becoming critical in building embedded systems applications 
because of its shock-resistant, power economic, and nonvolatile nature. With the recent 
technology breakthroughs in both capacity and reliability, flash-memory storage systems are 
now very popular in many types of embedded systems. However, because flash memory is a 
write-once and bulk-erase medium, we need a translation layer and a garbage-collection 
mechanism to provide applications a transparent storage ... 

Keywords: Embedded systems, flash memory, garbage collection, real-time system, 
storage systems 
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February 2003 ACM Transactions on Embedded Computing Systems (TECS), volume 2 issue 
l 

Full text available: ^ pdf ( 288.44 KB) Additional Information: full citation, abstract, references , index terms 

Embedded systems are often designed under stringent energy consumption budgets, to limit 
heat generation and battery size. Since memory systems consume a significant amount of 
energy to store and to forward data, it is then imperative to balance power consumption and 
performance in memory system design. Contemporary system design focuses on the trade- 
off between performance and energy consumption in processing and storage units, as well 
as in their interconnections. Although memory design is as ... 

Keywords: Embedded systems, embedded memories, integration, memories, nonvolatile, 
system-on-a-chip, volatile 
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Policy o ptimization for dynamic power management 
G. A. Paleologo, L. Benini, A. Bogliolo, G. De Micheli 
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00 

Full text available: g^gSg^SKB) Additional Information: full citation , abstract , references , citin gs, index 
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Dynamic power management schemes (also called policies) can be used to control the 
power consumption levels of electronic systems, by setting their components in different 
states, each characterized by a performance level and a power consumption. In this paper, 
we describe power-managed systems using a finite-state, stochastic mode!. Furthermore, 
we show that the fundamental problem of finding an optimal policy which maximizes the 
average performance level of a system, subject to a ... 
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This work gives an overview of a new technology that is attracting growing interest in public 
as well as in the computer industry itself. The visible difference from other technologies is in 
the use of a pen or pencil as the primary means of interaction between a user and a 
machine, picking up the familiar pen and paper interface metaphor. From this follows a set 
of consequences that will be analyzed and put into context with other emerging technologies 
and visions. Starting with a short historic ... 

8 Technical re ports 
SIGACT News Staff 

January 1980 ACM SIGACT News, volume 12 issue i 

Full text available: 1g|pdf(5.28 MB) Additional Information: full citation 



IS '97: model curriculum and guidelines for undergraduate degree programs in 
information systems 
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Thomas Kunz, Michiel F. H. Seuren 

November 1997 Proceedings of the 1997 conference of the Centre for Advanced Studies 
on Collaborative research 

Full text available: ^_pdf(4,21_MB) Additional Information: ful l cit atio n, ab str act , re f erences , in dex te r ms 

Understanding distributed applications is a tedious and difficult task. Visualizations based on 
process-time diagrams are often used to obtain a better understanding of the execution of 
the application. The visualization tool we use is Poet, an event tracer developed at the 
University of Waterloo. However, these diagrams are often very complex and do not provide 
the user with the desired overview of the application. In our experience, such tools display 
repeated occurrences of non-trivial commun ... 

11 Software-Only Bus Encoding Techniques for an Embedded System 
Wei-Chung Cheng, Jian-Lin Liang, Massoud Pedram 

January 2002 Proceedings of the 2002 conference on Asia South Pacific design 
automation/VLSI Design 

pdf(1 74.60 KB) 

^Additional Information: full citation , abstract 
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Microprocessors with built-in Liquid Crystal Device (LCD) controllers and equipped with Flash 
memory are common in mobile computing applications. In the first part of the paper, a 
software-only encoding technique is proposed to reduce the power consumption of the 
processor-memory bus when displaying an image on the LCD. Based on the translation 
mechanism of the LCD controller, our approach is to start with the palette as a coding table 
for the pixel buffer and then reassign the codes according t ... 

Keywords: memory bus encoding, low power, bus activity minimization, LCD, 
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October 2001 ACM SIGOPS Operating Systems Review , Proceedings of the eighteenth 
ACM symposium on Operating systems principles, volume 35 issue 5 
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Internet hosting centers serve multiple service sites from a common hardware base. This 
paper presents the design and implementation of an architecture for resource management 
in a hosting center operating system, with an emphasis on energy as a driving resource 
management issue for large server clusters. The goals are to provision server resources for 
co-hosted services in a way that automatically adapts to offered load, improve the energy 
efficiency of server clusters by dynamically res ... 

13 Distribu t ed o p eratin g s ystem s 

Andrew S. Tanenbaum, Robbert Van Renesse 

December 1985 ACM Computing Surveys (CSUR), Volume 17 Issue 4 

Full text available* IB Ddf(5 49 MB) Additional Information: full citation , abstract , references , citings, index 

terms, revi e w 

Distributed operating systems have many aspects in common with centralized ones, but 
they also differ in certain ways. This paper is intended as an introduction to distributed 
operating systems, and especially to current university research about them. After a 
discussion of what constitutes a distributed operating system and how it is distinguished 
from a computer network, various key design issues are discussed. Then several examples 
of current research projects are examined in some detail ... 

14 ECOSystem: managing energy as a first class o peratin g system resource 
Heng Zeng, Carla S. Ellis, Alvin R. Lebeck, Amin Vahdat 

October 2002 Proceedings of the 10th international conference on Architectural 

support for programming languages and operating systems, volume 37 , 30 , 

36 Issue 10 , 5 , 5 

Full text available:^ pdf( 1.1 7 MB) Additional Information: full citation , abstract , references , citings 

Energy consumption has recently been widely recognized as a major challenge of computer 
systems design. This paper explores how to support energy as a first-class operating system 
resource. Energy, because of its global system nature, presents challenges beyond those of 
conventional resource management. To meet these challenges we propose the Currentcy 
Model that unifies energy accounting over diverse hardware components and enables fair 
allocation of available energy among applications. Our par ... 

15 Microprocessor applications in the nuclear industry 
C. Dwayne Ethiridge 

April 1980 ACM SIGCAS Computers and Society, volume 10 issue 3-4 

Full text available: ^ pdf(986.50 KB) Additional Information: full citation , abstract , references 

Microprocessors in the nuclear industry, particularly at the los Al amos Scientific Laboratory, 
have been and are being utilized in a wide variety of applications ranging from data 
acquistion and control for basic physics research to monitoring special nuclear material in 
long-term storage. Microprocessor systems have been developed to support weapons 
diagnostics measurements during undergorund weapons testing at the Nevada Test Site. 
Multiple single-component microcomputers are now controlling ... 
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August 2002 Proceedings of the 2002 international symposium on Low power 
electronics and design 
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There is an on-going debate about which consumes less energy: a RAM-tagged associative 
cache with an intelligent order of accessing its tags and ways (e.g. way prediction), or a 
CAM-tagged high associativity cache. If a CAM search can consume less than twice the 
energy of reading a tag RAM, it would probably be the preferred option for low-power 
applications. Based on memory traces — which usually cause tag mismatch within the lower 
four bits — a new serial CAM organisation is proposed which ... 

Keywords: CAM, VLSI, asynchronous circuits, cache design, low energy, low power 
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May 2004 ACM Transactions on Computer Systems (IOCS), volume 22 issue 2 

Full text available: ^pdf(1.61 MB) Additional Information: full citation , abstract , references , index terms 

We demonstrate that a collaborative relationship between the operating system and 
applications can be used to meet user-specified goals for battery duration. We first describe 
a novel profiling-based approach for accurately measuring application and system energy 
consumption. We then show how applications can dynamically modify their behavior to 
conserve energy. We extend the Linux operating system to yield battery lifetimes of user- 
specified duration. By monitoring energy supply and demand and ... 

Keywords: Power management, adaptation 



18 Development and application of NASA's first standard spacecraft computer 

Charles E. Trevathan, Thomas D. Taylor, Raymond G. Hartenstein, Ann C. Merwarth, William 
N. Stewart 

September 1984 Communications of the ACM, volume 27 issue 9 

Full text available: ^ p dfd .26 MB) Additional Information: full citation abMract, citings, indexjerms 

To provide the autonomy needed by low, earth-orbiting satellites, NASA's first standard on- 
board processor requires changing only interfacing hardware from mission to mission. 

Keywords: PASS, avionics system 
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We observe that the modularity of current power management algorithms often leads to 
poor results. We propose two new interfaces that pierce the abstraction barrier that inhibits 
device power management. First, an OS power manager allows applications to query the 
current power mode of I/O devices to evaluate the performance and energy cost of 
alternative strategies for reading and writing data. Second, we allow applications to disclose 
ghost hints that enable better power management in th ... 

Keywords: adaptive caching, energy-awareness, power management 
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